Two outbreaks of hemorrhagic colitis, a newly recognized syndrome characterized by bloody diarrhea, severe abdominal pain, and little or no fever, occurred in 1982. No previously recognized pathogens were recovered from stool specimens from persons in either outbreak. However, a rare E. coli serotype, 0157:H7, was isolated from 9 of 20 cases and from no controls. It was also recovered from a meat patty from the implicated lot eaten by persons in one outbreak. No recovery of this organism was made from stools collected 7 or more days after onset of illness; whereas 9 of 12 culture-positive stools had been collected within 4 days of onset of illness. The isolate was not invasive or toxigenic by standard tests, and all strains has a unique biotype. Plasmid profile analysis indicates that all outbreakassociated E. coli 0157:H7 isolates are closely related. These results suggest that E. coli 0157:H7 was the causative agent of illness in the two outbreaks.
Two outbreaks of hemorrhagic colitis, a newly recognized syndrome characterized by bloody diarrhea, severe abdominal pain, and little or no fever, occurred in 1982. No previously recognized pathogens were recovered from stool specimens from persons in either outbreak. However, a rare E. coli serotype, 0157:H7, was isolated from 9 of 20 cases and from no controls. It was also recovered from a meat patty from the implicated lot eaten by persons in one outbreak. No recovery of this organism was made from stools collected 7 or more days after onset of illness; whereas 9 of 12 culture-positive stools had been collected within 4 days of onset of illness. The isolate was not invasive or toxigenic by standard tests, and all strains has a unique biotype. Plasmid profile analysis indicates that all outbreakassociated E. coli 0157:H7 isolates are closely related. These results suggest that E. coli 0157:H7 was the causative agent of illness in the two outbreaks.
Hemorrhagic colitis is a newly recognized syndrome characterized by severe crampy abdominal pains, watery diarrhea followed by grossly bloody diarrhea and little or no fever. Two outbreaks of hemorrhagic colitis that affected at least 47 (26) . The epidemiological investigation associated illness with eating hamburger sandwiches at outlets of the same fast food chain in both outbreaks. A rare E. coli serotype was identified as the cause of this unusual illness. This report describes the laboratory investigation of specimens from persons in both outbreaks and the identification of a previously unrecognized enteric pathogen that causes illness by yet undefined mechanisms.
MATERIALS AND METHODS
Stool specimens from cases were analyzed at local hospital laboratories and State health department laboratories of Oregon and Michigan for Salmonella ssp., Shigella ssp., Campylobacter ssp., ova, and parasites. In Oregon the local laboratories examined specimens for Yersinia enterocolitica as well. Additionally, specimens were collected from some of the cases and healthy control persons in both Oregon and Michigan for analysis at the Centers for Disease Control (CDC) laboratories. In Oregon, stool specimens were also collected from 45 Plasmid isolation and analysis. All strains of E. coli 0157:H7 were screened for the presence of plasmid DNA by a modification of the alkaline denaturation procedure of Birnboim and Doly (2) . Further purification of plasmid DNA for enzyme digestion procedures was accomplished by the addition of RNase, extraction with phenol-chloroform, and a second precipitation with 2 volumes of cold ethanol. The restriction endonuclease HindIII was obtained from Bethesda Research Laboratories, Inc., Gaithersburg, Md., and enzymatic reactions were performed according to the manufacturer's instructions.
Plasmid DNA preparations were examined by vertical agarose gel electrophoresis (21) . This method used 3-mm thick, 0.8% agarose gels and a buffer (89 mM Tris base, 2.5 mM disodium EDTA, 89 mM boric acid) run at 35 mA for 2 to 2.5 h. Gels were then stained with ethidium bromide, visualized by UV transillumination, and photographed.
Plasmid sizes were determined by reference to plasmids of known molecular weight included in each gel. (105 and 140 Mdal), and eight plasmids from the E. coli strain V517 for small-molecular-weight plasmids that are described in detail elsewhere (18) .
Pathogenicity tests. All colonies of Enterobacteriaceae from MacConkey, MCA, or blood agar were tested for enterotoxin production and invasiveness. For enterotoxin analyses, isolates were subcultured onto blood agar base slants for 18 h and then were inoculated into 5 ml of Trypticase soy broth (BBL Microbiology Systems, Cockeysville, Md.) with 0.6% yeast extract in screw-capped tubes. These were incubated overnight at 37°C on a roller drum (model TC-7; New Brunswick Scientific Co., New Brunswick, N.J.) rotating at 20 rpm. The broth cultures were centrifuged at 3,500 x g for 30 min, and the supernatants were filtered through 0.45-p.m disposable filter units (Millex SLHA 0250S). The filtrates were then assayed for heat-labile enterotoxin by the Yl adrenal cell test (27) and for heat-stable enterotoxin by the infant mouse assay (4). For the infant mouse assay, an intestinal/remaining carcass weight ratio of 0.083 or greater was considered positive (24) . Isolates were also tested for heat-labile enterotoxin by a four-layer sandwich enzyme-linked immunosorbent assay (35) and the rabbit skin permeability test (20) . In addition, genes for both heat-labile and heat-stable enterotoxins were assayed for by hybridization with genetic probes as described in detail elsewhere (25) .
VOL. 18, 1983 (30) , by the HeLa cell assay (16) , and by plasmid analysis for the presence of the 140-Mdal plasmid previously shown to be associated with invasiveness (11) .
A strain of E. coli 0157:H7 implicated as the pathogenic agent in this outbreak was tested for attachment to ileal brush border membranes of human origin by Michael Doyle of the Food Research Institute, University of Wisconsin (19) . All E. coli 0157:H7 strains were tested for colonization factor antigen (CFA/I) by mannose-resistant hemagglutination of human group A erythrocytes and for CFA/II by mannose-resistant hemagglutination of bovine erythocytes (7) . different serotypes and had different plasmid profiles. B. pumilus was recovered from two cases and from one control. The two B. pumilus strains recovered from the cases had different antimicrobial susceptibility patterns and plasmid profiles. Y. enterocolitica was recovered from one of the cases by the cold enrichment technique, but not from the plate inoculated directly with the specimen. Clostridium difficile was recovered from one patient, but tests for C. difficile toxin were negative. An additional E. coli 0157:H7 isolate was identified from Oregon by screening isolates sent to CDC from the Oregon State Laboratory. Specimens from 45 patients who were seen at local emergency rooms for diarrheal diseases were also screened for E. coli 0157:H7 and K. oxytoca to determine their prevalence in patients with diarrhea in that geographic area. E. coli 0157:H7 was not isolated from any of the 45 patients. K. oxytoca, however, was recovered from two patients.
RESULTS
The identification of five colonies from MacConkey agar plates on the individual specimens from Oregon is shown in Table 2 . In cases 4 through 6, E. coli 0157:H7 was the predominant organism. In cases 2 and 3, K. oxytoca was the predominant organism, but strains from the two patients were different serotypes. Strains of E. coli other than serogroup 0157 were the predominant organisms in controls.
The results of examination of specimens from the Michigan outbreak are shown in for cases from whom E. coli 0157:H7 was and was not recovered (Fig. 1) Table 5 . The reactions are typical of E. coli, with the exception of sorbitol fermentation. The organism does not ferment sorbitol; whereas 93% of E. coli of human origin are sorbitol positive (6) . This organism is also nonhemolytic on sheep and rabbit blood agar.
To determine the frequency of isolation of E. coli 0157:H7, E. coli serotyping records of the U.S. Department of Agriculture Animal Laboratories at Ames, Iowa, the Pennsylvania State University Veterinary Research Laboratory, and the CDC Enteric Reference Laboratories were reviewed to search for previous isolates of E. coli 0157:H7. The Ames, Iowa, laboratory and the Pennsylvania State Laboratory reported no previous identification of E. coli 0157:H7 from animal sources in the United States. The CDC Enteric Reference Laboratories had detected only 1 strain of E. coli 0157:H7 from among over 3,000 E. coli isolates serotyped since 1973 when this service was initiated. It was recovered from a patient in California in 1975 with a bloody diarrhea syndrome similar to that described in the Oregon and Michigan outbreaks.
The plasmid profiles of E. coli 0157:H7 strains recovered from patients in the Oregon and Michigan outbreaks are identical (Fig. 2) . They both contain a larger plasmid which is approximately 72 Mdal and a smaller one which is less than 1 Mdal. All of the outbreak-associated isolates, including the isolate from the hamburger, contained those same plasmids. The profile of the isolate recovered from the sporadic case in 1975 is similar to the outbreak-associated strains, but contains one additional plasmid that is 6 Mdal. Plasmid profiles of the six E. coli 0157 isolates belonging to H groups other than H7 were different from the E. coli 0157:H7 profiles.
Agarose gel electrophoresis of purified plasmid DNA and lambda phage DNA (standard) that have been digested by the restriction endonuclease HindIII is shown in Fig. 3 (32) . Although various possible etiologies have been suggested, no recognized pathogens have been identified; in the above studies the specimens examined were not compared with appropriate controls. The two outbreaks provided an opportunity to examine a relatively large number of freshly collected stool specimens from cases and controls with no illness and with other forms of diarrhea. These fresh specimens were extensively evaluated for common and uncommon microorganisms on routine and special media. Other possible vehicles of transmission identified by epidemiological investigations were examined for the presence of these organisms.
The distinguishing features of hemorrhagic colitis led to a more rigorous search for unusual or hypothesized causes of this syndrome. Other organisms, such as K. oxytoca and B. pumilus, were isolated and were each initially viewed as possible causative agents. K. oxytoca has previously been suggested as an agent in an antibiotic-associated bloody diarrheal disease in Japan (33) . It did not appear, however, that either of these organisms was the etiological agent in the two outbreaks. K. oxytoca and B. pumilus were both recovered from ill patients in Michigan and Oregon, but both were recovered from a healthy control. K. oxytoca was also recovered from two patients with nonbloody diarrhea in Oregon. Also, K. oxytoca and B. pumilus organisms recovered from patients in both outbreaks were different strains.
We identified a single recognized pathogen in no more than one patient from each outbreak. C. difficile was recovered from one patient in Oregon, but the stool specimen did not (29) and has caused watery diarrhea in adult volunteers (17) (8) .
We also found sorbitol to be a useful strain marker for E. coli 0157:H7. All E. coli 0157:H7 isolates recovered from persons associated with the two outbreaks failed to ferment sorbitol within 7 
